There is a lack of studies on anticoagulant plus antiplatelet therapy for acute ischemic stroke. The present study made a pilot effort to investigate the efficacy and safety of argatroban plus dual antiplatelet therapy (DAPT) in patients with acute posterior circulation ischemic stroke (PCIS). We retrospectively collected patients diagnosed with acute PCIS according to inclusion/exclusion criteria. According to treatment drugs, patients were divided into an argatroban plus DAPT group and a DAPT group. The primary efficacy end point was the proportion of early neurological deterioration (END). The primary safety outcome was symptomatic intracranial hemorrhage. All outcomes were compared between the 2 groups before and after propensity score matching (PSM). A total of 502 patients were enrolled in the study, including 35 patients with argatroban plus DAPT and 467 patients with DAPT. There was a higher National Institutes of Health Stroke Scale (NIHSS) score in the argatroban plus DAPT group than the DAPT group before PSM (3 vs 2, P ¼ .017). Compared with the DAPT group, the argatroban plus DAPT group had no END (before PSM: 0% vs 6.2%, P ¼ .250; after PSM: 0% vs 5.9%, P ¼ .298). Argatroban plus DAPT yielded a significant decrease in the NIHSS score from baseline to 7 days after hospitalization, compared with that of the DAPT group before PSM (P ¼ .032), but not after PSM (P ¼ .369). No symptomatic intracranial hemorrhage was found in any patient. A short-term combination of argatroban with DAPT appears safe in acute minor PCIS.
Introduction
Acute posterior circulation ischemic stroke (PCIS) accounts for approximately 20% of acute ischemic stroke, and its prognosis is worse, with higher disability and higher mortality. 1 Early intravenous thrombolysis or endovascular treatment is the most effective method for the treatment of acute ischemic stroke including PCIS and is strongly recommended by relevant guidelines. 2, 3 On the one hand, most of the patients with PCIS did not receive intravenous thrombolysis or endovascular intervention, due to time and technical limitations. On the other hand, the treatment is easily delayed due to the slight symptom and atypical sign in this population. For patients not receiving reperfusion treatment, all guidelines recommend antiplatelet treatment. 3 However, the antiplatelet treatment is not satisfied due to the high rate of early neurological deterioration (END) and poor prognosis in acute PCIS, 4 and the prognosis would be worse once END occurs.
Acute anticoagulant therapy for ischemic stroke has been controversial: Anticoagulant therapy can reduce the recurrence rate of ischemic stroke, the incidence of pulmonary embolism, and deep vein thrombosis but is offset by the increase in symptomatic intracranial hemorrhage (sICH). [5] [6] [7] In this population of patients with PCIS, anticoagulant therapy also remains controversial. Several subgroup studies showed the efficacy of anticoagulant, [8] [9] [10] but such efficacy was not observed in another subgroup study. 11 Argatroban is a direct thrombin inhibitor with the advantages of rapid onset, short duration of action, low bleeding tendency, and no immunogenicity. Several studies had revealed its anticoagulant efficacy and safety in patients with acute ischemic stroke. 12, 13 Two recent clinical trials demonstrated the efficacy and safety of dual antiplatelet therapy (DAPT) in patients with acute minor stroke. 14, 15 However, there is a lack of study about DAPT for acute PCIS.
In contrast with the anterior circulation stroke, the PCIS has several characteristics such as difficult diagnosis, poor treatment effect, inadequate collateral circulation, and easy deterioration, leading to poor outcomes. 16 It is reasonable that intensive antithrombotic treatment such as antiplatelet plus anticoagulant agents should be beneficial for treating acute ischemic stroke if there is no increasing bleeding risk, given that the intensive treatment can more effectively prevent the progression and reoccurrence of stroke. However, there is a lack of combination of antithrombotic studies for acute ischemic stroke. In our stroke center, DAPT or DAPT combined with argatroban was used for acute PCIS with minor or moderate neurological deficits as off-label therapy. The aim of this retrospective cohort study was to investigate the effect of argatroban in combination with DAPT versus DAPT in patients with acute PCIS.
Materials and Methods Participants
We continuously collected patients diagnosed with PCIS at the Department of Neurology, General Hospital of Northern Theater Command from January 2014 to August 2018. Posterior circulation ischemic stroke was defined as a symptomatic infarct in the territory of the vertebral arteries, cerebellar or posterior cerebral arteries, or basilar artery, which was confirmed by head computed imaging (CT) or magnetic resonance imaging. The inclusion and exclusion criteria were as follows. Patients were enrolled if they met the following criteria: (1) age !18 years, (2) acute PCIS within 48 hours of onset, (3) the National Institutes of Health Stroke Scale (NIHSS) 10 at admission, and (4) antithrombotic regimen consisting of either argatroban combined with DAPT (aspirin and clopidogrel) or a dual antiplatelet combination (aspirin and clopidogrel). Patients were excluded if they met one of the following criteria: (1) received intravenous thrombolysis, endovascular intervention, and surgical treatment during hospitalization; (2) used defibration (such as batroxobin), other anticoagulation (such as dabigatran, rivaroxaban), or other platelet aggregation agents (such as ticagrelor, cilostazol); and (3) incomplete clinical data. According to the treatment regimen, the patients were divided into 2 groups: the argatroban combined with DAPT group and the DAPT group. Argatroban treatment was as follows: continuous infusion with a dose of 60 mg/d for 2 days, followed by 20 or 30 mg per day for 2 to 5 days. Dual antiplatelet therapy treatment was as follows: clopidogrel at an initial dose of 300 mg, followed by 75 mg daily plus 100 mg aspirin daily.
Data Collection
The following data were obtained from the electronic database: age; gender; smoking status (continuously smoking !1 cigarette a day for 6 months); alcohol consumption (drinking >2 U/d on average for men or >1 U/d on average for women); history of hypertension, diabetes, coronary heart disease, stroke, atrial fibrillation, or hyperlipidemia; NIHSS score at admission and 7 days after hospitalization; time of onset; Trial of Org 10172 in Acute Stroke Treatment classification 17 ; gastrointestinal bleeding; and intracranial hemorrhage.
Efficacy and Safety Outcomes
The primary efficacy outcome was END, which is defined as a 2 points or greater increase in NIHSS score at 7 days after hospitalization, compared with baseline. 18, 19 The secondary efficacy outcome was NIHSS change at baseline, compared with that at 7 days after hospitalization and the proportion of modified Rankin Scale (mRS) scores of 0 to 2 at 7 days after hospitalization.
The primary safety outcome was sICH, which is defined as imaging evidence of any hemorrhage on CT combined with an NIHSS score increase of !4 points. 20 Secondary safety outcomes included gastrointestinal bleeding and asymptomatic intracranial hemorrhage (aICH). Gastrointestinal hemorrhage was defined as any evidence of gastrointestinal bleeding. Asymptomatic intracranial hemorrhage is defined as imaging evidence of hemorrhage on CT (hemorrhagic transformation), but without clinical deterioration. 21 
Statistical Analysis
We compared the baseline characteristics, safety, and efficacy of the 2 groups with SPSS 20.0 statistical software analysis. Continuous variables are presented as mean + standard deviation (normal distribution) and as the median with interquartile range (skewed distribution). The Kolmogorov-Smirnov test was used to test the normality of the data. The normal distribution was tested by the t test, while the skewed distribution was tested by the Mann-Whitney rank-sum test. Categorical variables are presented as percentages. Statistical comparisons between the 2 groups were performed using the w 2 test, or Fisher exact test was performed at a small expected frequency.
We used a propensity score matching (PSM) algorithm including all baseline characteristics to calculate the propensity score for each patient. Then the patients with argatroban combined with the DAPT were matched with the dual antiplatelet patients using the nearest neighbor 1:2 matching algorithm to obtain baseline data balance and compare the safety and efficacy of the 2 groups again. P <.05 was considered statistically significant.
Results
A total of 2666 cases of PCIS were screened. As shown in Figure 1 , we excluded 2164 patients. Finally, 502 patients were recruited to the current study, including 35 patients with argatroban plus DAPT and 467 patients with DAPT.
The main baseline characteristics are presented in Table 1 . The patients in the argatroban plus DAPT group had a higher mean baseline NIHSS score than the dual antiplatelet group (P ¼ .017). As shown in Table 2 , there was no END rate in the argatroban plus DAPT group, compared with the DAPT group (0% vs 6.2%, P ¼ .250). The argatroban plus DAPT produced a significant decrease in NIHSS score from baseline to 7 days after hospitalization, compared with the NIHSS score of the DAPT group (P ¼ .032). There was no significant difference in the proportion of mRS scores of 0 to 2 at 7 days after hospitalization between the 2 groups (77.1% vs 78.2%, P ¼ .889). No sICH was found in any patient. There were no significant differences in gastrointestinal bleeding (0% vs 1.7%, P ¼ 1.000) or aICH (0% vs 0.9%, P ¼ 1.000) between the 2 groups.
After PSM, 34 patients receiving argatroban plus DAPT were matched to 68 patients receiving DAPT, without any difference in the baseline characteristics between groups (Table 3 ). As shown in Table 4 , the END rate of the argatroban plus DAPT group was lower than that of the DAPT group but did not reach statistical significance (0% vs 5.9%, P ¼ .298). Additionally, there was no difference in the change in the NIHSS score (P ¼ .369), the proportion of mRS scores of 0 to 2 at 7 days after hospitalization (76.5% vs 73.5%, P ¼ .748), gastrointestinal bleeding (0% vs 1.5%, P ¼ 1.000), and aICH (P ¼ 1.000).
Discussion
The present study determined the efficacy and safety of argatroban plus DAPT versus DAPT in the treatment of acute minor PCIS. To the best of our knowledge, this is the first study to investigate the treatment with argatroban plus DAPT for acute PCIS. The results suggest that short-term application of argatroban combined with dual antiplatelet seems safe and may more effectively prevent END, compared with dual antiplatelet alone in this population.
Regarding the antithrombotic treatment for PCIS, there is no best recommendation from the guidelines. Some studies have investigated anticoagulant therapy, but the results remain controversial. For example, several studies have shown the possible benefit of anticoagulation therapy for PCIS: The subgroup results of the Fraxiparine in Ischemic Stroke (FISStris) trial showed that low-molecular-weight heparin is associated with better outcomes than those of aspirin treatment in patients with posterior circulation stenosis 8 ; compared with aspirin, low-molecular-weight heparin reduced END and improved the 6-month outcome of patients with posterior circulation or symptomatic basilar artery stenosis. 9,10 However, the Trial of Tinzaparin in Acute Ischemic Stroke Trial (TAIST) found that treatment with tinzaparin within 48 hours of acute ischemic stroke did not improve functional outcomes of patients compared with aspirin therapy. 11 Recently, clopidogrel in high-risk patients with acute non-disabling cerebrovascular Events (CHANCE) 14 and platelet-oriented inhibition in new TIA and minor ischemic stroke (POINT) 15 studies showed that DAPT can benefit patients with minor stroke, but it is not clear whether DAPT is beneficial to patients with PCIS. Several studies have shown the possible efficacy of argatroban combined with antiplatelet drugs in the treatment of ischemic stroke. A retrospective study showed that argatroban combined with aspirin improved the discharge NIHSS score of patients with acute ischemic stroke without significant symptomatic cerebral hemorrhage. 22 Another study showed that, compared Gastrointestinal bleeding, n (%) 0 (0) 8 (1.7) 1.000 sICH, n (%) 0 (0) 0 (0) 1.000 aICH, n (%) 0 (0) 4 (0.9) 1.000
Abbreviations: aICH, asymptomatic intracranial hemorrhage; DAPT, dual antiplatelet therapy; END, early neurological deterioration; IQR, interquartile range; mRS, modified Rankin Scale; sICH, symptomatic intracranial hemorrhage. with argatroban plus aspirin, argatroban combined with DAPT may prevent the incidence of progressing stroke. 23 It is reasonable that intensive antithrombotic treatment should be beneficial to acute ischemic stroke if there is no increasing bleeding risk, given that intensive treatment can more effectively prevent the progression and reoccurrence of stroke. Based on this thought, we performed a retrospective study. The present results show that, compared with DAPT alone, short-term application of argatroban plus DAPT for acute PCIS may safely prevent END. This study is different from the abovementioned investigations. First, argatroban plus DAPT versus DAPT alone was used in the present study. Argatroban is a selective thrombin inhibitor. It can directly inhibit thrombin in blood clots and has the potential advantages of rapid onset, short duration of action, low bleeding tendency, no immunogenicity, and clinical monitoring of anticoagulation levels. 24, 25 We argue that the combination should produce a better antithrombotic effect. The results show that END was 0% in the combination group versus 6.2% in the DAPT group. It is interesting to note that the rate of END in the DAPT group was relatively low, compared with that in previous reports, 9, 10 which may be due to the dual antiplatelet effect. Anticoagulation combined with antiplatelet therapy was chosen based on more possible etiology of artery atherosclerosis in PCIS. 26, 27 This kind of combined therapy has been routinely used for patients with acute coronary artery syndrome, in whom the etiology is always arterial atherosclerosis. 28 In this study, nearly half of the large-artery atherosclerosis etiology was observed in the argatroban plus DAPT group, with nearly one-third in the DAPT group. Second, the study participants were patients with PCIS. Posterior circulation ischemic stroke is different from anterior circulation stroke, with the former showing the more misdiagnosis, delayed treatment, poor collateral circulation, and higher END leading to poor outcomes. 16 Studies of antithrombotic treatment of PCIS are relatively few. A previous study showed a low risk of intracranial hemorrhage after intravenous thrombolysis in PCIS, compared with the anterior circulation ischemic stroke. 29 Based on these facts, we argue that combined antithrombotic treatment should be suitable and safe in acute PCIS. Third, patients with minor to moderate PCIS (NIHSS score 10 points) were enrolled in the study, which is different from the minor stroke population in CHANCE and POINT studies. 14, 15 Fourth, we chose patients within 48 hours after onset. It is well known that most recurrence or deterioration of stroke occurs in the initial 48 to 72 hours after symptom onset, [30] [31] [32] [33] and early intervention in patients with transient ischemic attack or minor stroke produces better outcomes than delayed intervention. 34 In the present study, the 48-hour time window covered more patients who potentially benefited from the dual antiplatelet plus argatroban, which is different from the CHANCE and POINT studies. 14, 15 Finally, a short-term combination was used in the present study. We argue that on the one hand, the combination treatment administered for 3 to 5 days is enough to cover the time window of high END, and on the other hand, the short-term combination will decrease the risk of bleeding events. Based on the above discussion, we believe that a short-term treatment with argatroban plus dual antiplatelet agents may be a suitable choice for populations with minor to moderate PCIS who have missed reperfusion therapy.
Our study has several limitations. First, it was a singlecenter retrospective study, and the sample size of the argatroban plus DAPT group was relatively small. Second, there is a possible selection bias because doctors may be more likely to apply argatroban plus DAPT to patients with a higher risk of stroke progression based on clinical experience. Third, the dose of argatroban was adjusted to a target-activated partial thromboplastin time (APTT) of 1.75 Â baseline. This study did not investigate the proportion of patients with APTT compliance or report the total dose and time of argatroban administration. The dosage and time of argatroban administration was determined according to the patient's condition. Fourth, the neurological deterioration might be biased due to choosing patients with NIHSS scores below 10, which excluded some patients with higher risk of intracranial hemorrhage. Finally, long-term stroke outcomes were not evaluated due to the retrospective nature of the study.
Conclusion
The short-term use of argatroban combined with DAPT for acute minor PCIS seems safe. The study should be helpful for further research to investigate the efficacy and safety of this treatment regimen.
